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Chordal rupture with a subsequent flail mitral valve leaflet 
is now the most common cause of pure mitral regurgitation. 
To describe the Doppler color flow findings in flail mitral 
leaflet and the determinants of these findings, Doppler color 
flow mapping and conventional Doppler echocardiography 
were performed in 3I consecutive patients presenting with 
a ilail mitral leailet. In the 23 patients with a posterior flail 
leaflet, a distinctive highly eccentric and turbulent jet 
directed toward the posterior wall of the aorta was noted. 
In the eight patients with an anterior flail leaflet, a jet 
directed toward the posterolateral lett atrial wall was 
noted. Maximal regurgitant jet area was significantly larger 
in patients with a flail anterior leaflet (13.1 zlz 3.0 cm*) than 
in those with a flail posterior leaflet (5.8 ?t 3.0 cm”, p = 
0.0001). Maximal jet area to left atrial ratio was also 
signii’icantly higher in those with a Rail anterior leaflet (0.56 
i 0.16) than in those with a flail posterior leallet (0.27 + 
0.17, p = 0.0006). 
When systolic left atrial velocities encoded as red were 
incorporated into the maximal jet area measurement, 7 of 
the 8 patients with an anterior Aail leaflet had a jet area >8 
cm’, consistent with severe mitral ~eg~~~~~~tt~~~ 
with 13 of the 23 patients with a llail posterior lea 
was no correlation between jet area or jet area to left atrial 
ratio and any hemodynamic variable. Patients with acute 
mitral regurgitation exhibited a trend toward sm 
areas, but this did not reach statistical signillcance 
gitant fraction calculated from pulsed Doppler recording of 
mitral and aortic Row was consistent with moderately 
severe or severe mitral regurgitation in all cases and 
averaged 70%. 
Thus, patients witb a flail mitral valve lea 
distinctive Doppler color flow findings. A highly eccentric 
and turbulent jet directed posteriorly to the aorta may 
contribute to a systematic underestimation of severe mitral 
regurgitation by conventional Doppler color Row criteria. 
The use of pulsed Doppler ul 
may be helpful in reliably assessing the degree of mitral 
regurgitation. 
(J Am CON Cardiol1990;16:232-9) 
Although rupture of the chordae tendineae of the mitral 
valve was described as early as 1806 (I), it is only in recent 
years that the frequency of chordal rupture as a cause of 
mitral valve disease has been appreciated. Chordal rupture 
with subsequent failure of mitral valve tip coaptation is now 
the most common cause of pure mitral regurgitation (2). The 
M-mode and two-dimensional echocardiographic features of 
the resulting flail leaflet have been well described (3-9) and 
two-dimensional echocardiography appears to be the diag- 
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nostic method of choice for identifying this particular cause 
of mitral regurgitation (9,101. The development of Doppler 
echocardiography has allowed the noninvasive assessment 
of the presence and severity of mitral regurgitation (1 l-14). 
Few studies (IO, l4), however, have reported conventional 
and Doppler color flow findings peculiar to a flail mitral 
leaflet. The purpose of the present study was to describe 
findings with Doppler color flow echocardiography in pa-
tients with a flail mitral valve leaflet and to relate these 
findings to the type of flail leaflet, hemodynamic easure- 
ments and chronicity of mitral regurgitation. 
ethods 
Study patients. The study group consisted of 34 consec- 
utive patients initially identified between January 1988 and 
April 1989 in the echocardiographic laboratory ofSt. Louis 
01990 by the American College of Cardiology 073%1097/90/$3.50 
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re I. Regurgitant fraction calculati 
sentative Doppler recordings of aortic 
t). The flow velocity integral (WI) is 
multiplied by the cross-sectional are 
from either the 
anulus diamete 
Regurgitant fra 
21 literslmin = 
ss-sectional echocar 
aving 31 patients for 
analysis. There were 21 me 
years (mean 65). Mitral reg 
present for ~2 weeks) in 
present for <1 year) i
etiology of the flail le 
degeneration of the valve in 15 patients, endocarditis in 3 andS 
coronary artery disease in 3; I patient d oped a flail eaflet 
after mitral balloon valvuloplasty. The mitral leaflet was 
posterior in 23 patients and anterior in 8. 
Cardiac atheterization results were available foil 20 of 
the patients and 14 patients underwent surgical repair or 
replacement of the flail mitral valve. 
. All patients underwent com- 
plete M-mode, two-dimensional, pulsed, continuous wave 
and Doppler color flow echocardiographic examinations. All 
studies were performed using commercially available Dopp- 
ler color flow units (Hewlett-Packard 77020A or Vingmed 
CFM 700). All patients had continuous wave Doppler inter- 
rogation of the mitral valve performed from the apical 
window with both a combined imaging/Doppler probe and a 
stand alone Pedoff probe. Mitral inflow velocities were 
recorded in pulsed wave mode by imaging the apical four 
chamber view and positioning the sample volume at the level 
of the mitral anulus. Left ventricular outflow velocities were 
recorded by imaging the apical five cham!-yr view and 
positioning the sample volume just below the aortic leaflets. 
After optimization f the signal by slight transducer angula- 
tion, both mitral and aortic flow velocities were recorded on 
a strip chart recorder at 100 mm/s. 
Doppler color jlow examinations were performed from 
parasternal long- and short-axis views and from apical long, 
four chamber and two chamber views. Color flow variables 
were optimized to maximize the color flow jet area of 
. Gain was set at a leve ow that at 
color artifaGt was noted. Frame rates were 
een IO and I5 frames/s. All examinations were 
of the mitral eaflet protruding into the left atrium with 
acc~m~a~yi~g loss of systolic mitral coaptation (9,1 
~~~ta~t fraetim. Regurgitant fraction ‘#as 
okey et al. (15) (Fig. 
roduct of the aren under the 
velocity ir?egral), the cross- 
nulus at?2 heart rate. The 
cross-sectional area (CSA) of :he mi;rai anulus was deter- 
mined as CSA = m*, where r = l/2 the mitral anulus 
diameter inthe apical four chamber view. Similarly, aortic 
flow was calculated asthe product of the aortic flow velocity 
integral, the cross-sectional :\rca of the aortic anulus and 
he;srt ate. The aortic ross-sectional area was %ermined as 
CSA = 1rr*, where r = !!2 tk aortic anuius dia 
determined from the paraste:n?! long-axis view. 
Color $0~ measurements. ?‘i?e color pow jet area was 
determined byplanimetry in the parasternal long-axis, apical 
four chamber and apical long-axis views by an observer who 
did not know the patient’s clinical or angiographic findings. The 
area measured included the turbulent central core and any low 
velocity flow with bluish components, indicating flow away 
from the transducer. Planimetry was repeated to include adja- 
cent red flow areas in the color flow jet measurement. 
area was termed jet area (plus red). Th: maximal jet a 
recorded for each view. The left atrial ai :a was also subjecte 
to planimetry in three views. The ratio of iet area to left atria! 
area was determined for each view and tk largest r?,tio was 
determined for each patient. In addition, the maxim?! color 
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Table 1. Clinical, Echocardiographic and .Bngiographic Variables in All 31 Patients With a Flail Mitral Valve Leaflet 
Pt. Age WY RF EF Cath OR Max Max Max &iU 
No. Gender Race Dur Etiology Type (%I (%I MR Conf JAT JAT/LAA JAR JAWLAA 
1 34/F B 
2 9&M W 
3 79lM W 
4 32lM B 
5 75M W 
6 18/F W 
I 36/F B 
a 661M W 
9 79lF W 
IO 43lhl B 
II 52iM W 
I2 93&l W 
13 63/M W 
14 4liM B 
IS 67lF W 
I6 88/F B 
I7 851M W 
I8 64M W 
19 82lF - 
20 43/M W 
21 77iM B 
22 67/F W 
23 63/F W 
24 59iM W 
25 78/M W 
26 70/M W 
27 m W 
28 66/M W 
29 68/M W 
30 67/M W 
31 62/F W 
A 
C 
C 
SA 
C 
C 
A 
SA 
C 
C 
A 
C 
C 
C 
SA 
C 
C 
SA 
C 
PBV 
- 
IE 
MVP 
MVP 
CAD 
MVP 
MvP 
MVP 
CAD 
- 
MVP 
MVP 
CAD 
- 
68 
76 
74 
67 
77 
74 
72 
66 
76 
41 
18 
62 
80 
77 
81 
77 
49 
80 
52 
73 
75 
75 
80 
55 
65 
74 
80 
60 
38 
56 
- 
59 
43 
C 
A 
C 
C 
SA 
SA 
SA 
C 
SA 
SA 
- 
- 
MVP 
MVP 
MVP 
- 
IE 
MVP 
MVP 
Ant 
Ant 
Ant 
Ant 
Ant 
Ant 
Ant 
Ant 
Post 
Post 
Post 
Post 
Post 
Post 
POSI 
Post 
Post 
Post 
Post 
Post 
Post 
Post 
Post 
Post 
Post 
Post 
Post 
Post 
Post 
Post 
Post 
70 
58 
69 
89 
14 
78 
77 
81 
69 
59 
58 
74 
67 
80 
60 
72 
65 
61 
IE 
MVP 
MVP 
MVP 
- 
73 
62 
57 
72 
4t 
4t 
- 
3t 
4t 
4t 
4t 
4t 
- 
4t 
- 
- 
3t 
- 
- 
4t 
- 
4t 
4t 
4t 
- 
4t 
4t 
4t 
4t 
4t 
3t 
3+/4+ 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
9.20 0.40 9.20 0.40 
IS.90 0.60 15.92 0.60 
12.40 0.54 12.50 0.74 
17.20 0.55 17.20 0.55 
12.30 0.45 12.30 0.05 
16.50 0.84 16.50 0.08 
11.00 0.70 II.00 0.70 
10.28 0.36 10.28 0.36 
4.20 0.17 14.00 0.44 
7.40 0.03 IO.14 0.51 
1.68 0.09 1.68 O&Y 
4.70 0.23 10.40 0.46 
2.80 0.20 2.80 0.20 
3.50 0.18 3.50 0.18 
IO.?4 0.59 Il.52 0.53 
II.% 0.11 II.% 0.77 
5.18 0.12 7.14 0.12 
5.78 0.16 5.78 0.16 
4.16 0.23 7.42 0.38 
2.50 0.23 5.30 0.63 
6.54 0.46 6.54 0.46 
3.38 0.19 3.38 0.19 
9.10 0.37 11.74 0.48 
8.50 0.58 12.92 0.80 
5.00 0.22 II.94 0.63 
4.30 0.16 17.82 0.67 
3.44 0.14 12.44 0.36 
4.50 0.16 13.10 0.48 
13.30 0.22 37.48 0.94 
3.70 0.21 5.10 0.30 
7.10 0.37 12. IO 0.63 
Mean 64 70 67 7.69 0.35 Il.80 0.49 
*SD I9 II I1 4.44 0.21 6.54 0.22 
A = acute; Ant = anterior; B = black; C = chronic; CAD = coronary artery disease; Cath MR = amount of mitral regurgitation at cardiac catheterization; 
Dur = duration of symptoms of mitral regurgitation: EF = ejeclion fraction: F = female: 1E = infective endocarditis; JAT = color flow jet area; JAT/LAA =
maxid color flow jet areailefi atrial area ratio; JAR = maximal color flow jet area (plus red): JARILAA = color flow jet area (plus red)/left atrial area ratio: M 
= male; Max = maximal; MVP = mitral valve prolapse: OR Conf = surgical confirmation of flail mitral valve leaflet: PBV = developed mitral regurgitation after 
WcUtaneOUs balloon valvuloplasly for rheumatic mitral stenosis: Post = posterior: Pt. = patient: RF = regurgitant fraction; SA = subacute: W = white. 
flow jet area (plus red)/left a rial area ratio was determined for
each patient in a similar fashion. 
StatWical nalysis. Group data re expressed asmean val- 
ues It 1 SD. The statistical significance of observed differences 
was assessed by chi-square and Student’s unpaired t tests. A 
p value CO.05 was considered statistically significant. 
Table 1 lists the clinical and echocardiographic features of
the 31 patients. Thirteen of the flail eaflets were confirmed at
surgery. Twenty patients underwent cardiac atheterization, 
which revealed mitral regurgitation (3+ to 4+) in all patients 
(4+ in 16,3+/4+ in 1 and 3+ in 3). 
Continuous wave Doppler recording. Three general types 
of mitral regurgitant envelopes were recorded using contin- 
uous wave Doppler imaging from the apical window in 
patients with a flail mitral leaflet (Fig. 2). A smooth rounded 
contour with predominantly negative velocities >4 m/s (type 
A) was found in five patients. Ineight patients, the upstroke 
of the regurgitant envelope was normal (smooth and predom- 
inantly negative), but the envelope peaked early with rapid 
fall-off in late systole with an apparent “bite” out of the end 
(type B). In the remaining 18 patients, the mitral regurgitant 
velocities were bidirectional (equivalent positive and nega- 
tive components) with peaks ~3.5 m/s and very irregular 
contours (type C). 
Patients with a type I3 contour were no more likely to 
JACC Vol. 16, No. I 
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have acute mitral 
contour. Three of 
from the right ~araster~ai window in four 
70 + 11%. Mean aortic flow as 4.8 + 2.0 liters/mm, mitral 
flow 17.9 + 8.8 literslmin and regurgitant 13.4 + 7.7 
literslmin. Twenty-two patients had a reg ant fraction 
>60% suggesting severe mitral regurgita 
fraction was >4O% in all Qatie~ts, and 
20 patients who underwent cardiac a 
In the 23 patients with a flail posterior 
a distinctive, highly eccentric, highly 
turbulent jet (Fig. 3A). This jet was directed along the 
posterior surface of the anterior mitral eaflet and directly 
behind the posterior surface of the aortic root and, in many 
cases, occupied only a small area. The jet was so highly 
distinctive that in several cases with technically difficult 
cross-sectional images, it allowed retrospective identitica- 
tion of the flail posterior leaflet causing the jet. In contrast, 
patients with a flail anterior leaflet had a color flow jet 
directed in the opposite direction toward the posterolateral 
left atrial wall. This jet was generally large and had less 
associated turbulence (Pig. 3B). 
The jet area and jet area/left atria1 ratio for each patient 
are presented in I, a~~ the mean values for anterior 
flail versus poste il ieaflets in Table 2. Maximal jet area 
was significantly larger in patients with a flail anterior leaflet 
(13.1 2 3.0 cm*) than in those with a Rail posterior leaflet 
(5,g + 3.0 cm*, p = 0.0001) (Pig. 4). A jet area >8 cm* 
consistent with severe mitral regurgitation was present in all 
8 patients with an anterior flail leaflet but in only 5 of the 23 
groups as was the maximal jetarea (plus red)/left 
ratio. All of the 8 patients with an anterior hail le 
jet area (plus red) >8 cm2 compared with 13 
e~atiom f jet areas to 
hemodynamic value obtained at catheterization 
found, including left ventricular end-diastolic pressure, 
height of the V wave, ejection fraction and pulmonary 
capillary wedge pressure. 
Patients with acute mitral regurgitution tended to have a 
smaller j.et area than did patients with ute or chronic 
mitral regMrgitati0~ (Fig. 41, but this did not reach 
statistical significance. When only patients with a posterior 
t were analyzed, the two patients with acute mit ,al 
ion had an average j t area of 2.5 cm* ~~~pare~ 
with 5.6 cm2 for those with subacute and 6.4 c 
with chronic r&al regurgitation (p = 0.24 by analysis of 
variance [ANWA]). Similar findings were seen for the jet 
area (plus red) and the areas indexed for left atrial vahres. 
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Figure 3. A, Parasternal long-axis 
om a patient with a posterior 
mural leaflet (bo~~o~~~ arrow) 
and severe mitral regurgitation. The 
Doppler color flow image shows a nar- 
row band of mosaic color extending 
behind the aorta emanating from the 
flail leaflet. B, Apical four chamber 
view from a patient with a flail anterior 
mitral leaflet and severe mitral regurgi- 
tation demonstrating a large bluisb- 
green jet extending along the lateral left 
atrial wall (long arrows). Red low ve- 
locity how toward the transducer can 
be seen along *+e atrial septum @ho 
arrows). LA = left atrium; LV = left 
ventricle; RA = right atrium: RV = 
right ventricle. 
There was no significant correlation between jet area or 
indexed jet area and regurgitant flow. 
iscussion 
Ecbcwdiographic diagnosis offlail mitral leaflet. Hickey 
et al. (16) recently reported that 53% of79 patients with pure 
severe mitraI regurgitation requiring surgery between 1979 
and 1983 had myxomatous degeneration of the mitral valve. 
Primary chordal rupture was present in 31 of these 79, with 
29 of these having myxomatous mitral valve disease. Thus, 
mitral valve prolapse with subsequent chordal rupture is 
now the most common cause of pure mitral regurgitation 
necessitating mitral valve replacement. The importance of
accurately recognizing this entity with ultrasound has long 
been appreciated. Mintz et al. (9) and more recently Avger- 
opoulou et al. (101 demonstrated that the previously de- 
scribed M-mode criteria for a flail mitral eaflet, including 
systolic left atrial echoes, systolic mitral valve flutter, dias- 
tolic mitral flutter and chaotic paradoxic diastolic posterior 
leaflet motion, have low sensitivity and specificity for a flail 
leaflet. In contrast, because of the enhanced spatial informa- 
tion provided by cross-sectional echocardiographic studies, 
using this technique to diagnose a flail leaflet has shown a 
positive predictive value of 83% to 89% (9,lO). In the current 
series, all 14 patients undergoing surgery were demonstrated 
to have a flail mitral leaflet, corroborating the high specificity 
of cross-sectional echocardiography. 
Doppler color flow ima g. Real-time two-dimensional 
Doppler color flow imaging is unique among noninvasive 
techniques in allowing the correlation of abnormal blood 
flow with abnormal valvular anatomy. In this regard, Dopp 
ler color flow mapping has been extremely useful in assess- 
ing mitral regurgitation in both clinical and research appli- 
cations. Previous tudies have suggested that Doppler color 
flow imaging assessment of the severity of mitral regurgita- 
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Age (yr) 
Body surface area (m’) 
SW (mm I-Q) 
DEP (mm Ng) 
Ejection fraction t%‘b) 
Left atrial size (mm) 
LVED dimension index (mm/ 
Regurgitant fraction to/c) 
axiinal jai are% (cm21 
Maximal jet area/left atriat area 
ratio 
Maximal JAR (cm’) 
Maximal JAR/left atrial area 
ratio 
Anterior ~o~te~~~~g 
(n = a) m = 23) 
55 2 28 68% 14 
1.84 + 0.25 1.81 + 0.24 
118 5 I5 126 f 14 
67 -e 9 762 I2 
702 I2 662 10 
54 + II 52 + IO 
33 2 5 33 2 5 
72 c 5 6Y + 13 
13.1 + 3.0 5.8 ?I 3.0% 
0.56 + u. 16 ID.27 + O.i7* 
13.1 i: 30 10.3 f 73 
0.58 t 0.17 0.46 t 0.?3 
*p < 0.01. DBP = diastolic blood pressure: LVED = left ventricular 
end-diastolic; SBP = systolic blood pressure; other iibbreIgiation\ a\ in 
Table I. 
tion based on jet area (12) or indexed jet area (13) correlates 
well with a~g~ographic assessment. In this study, we identi- 
identification f the flail leaflet itself. 
. ~egu~gitant~et area in patients with anterior and posterior 
flail leaflets. 
16- 
16- 
14- 
G- 
E e 12- 
I 
3 lo- 
I 
-3 
E3 6 
E 
‘E 
RI 6- 
0 
I 
A 
‘3 
* 
e 
0 
e 
eAcute 
o Subacule 
a Chronic 
pc.001 
0.6 
P 
Acute 
o Subacute 
n Chronic 
_ ~~~ur~ita~t jet area/left atrial area ratio in patients with 
anterior and jl+&r&or Bail leaflets. 
is series, several of t 
, use of the establi 
may be less accM~ate than has 
area s a percent of left atrial ar Helm&e t al. (12) found 
jet area to be a poor discriminator f moderate and severe 
mitral regurgitation but found the jet area/left a rial area ratio 
to be a good discriminator. These investigators found a jet 
area/left a rial area ratio >0.4 to correlate with stvcre mitral 
regurgitation, a ratio of 0.2 to 0.4 with moderate mitral 
regurgitation a d a ratio <0.2 with mild mitral regurgitation. 
Only one of our patients would have met these criteria for 
severe mitral regurgitation. Spain et a!. (13) found absolute 
jet area to correlate better with severity of mitral regurgita- 
tion than did jet arealleft atrial area ratio. These investigators 
found a jet area >8 cm2 to predict severe mitral regurgitation 
with a sensitivity of 82% and specificity of94%. In contrast, 
a maximal jet area/left atrial area ratio >40% had only a 73% 
sensitivity and a 93% specificity. Only two of our patients 
would have met such criteria for severe mitral regurgitation. 
It is not clear how many, if any, of the patients in these 
previous studies (13) had a flail mitral leaflet. In addition, the 
patients inthe study of Spain et al. (13) all had chronic mitral 
regurgitation. The discrepancy between these 
ies and the current one may lie in the absence ofa flail mitral 
leaflet as the etiology in the previous studies. 
terminants of jet area. The Doppler color flow appear- 
ance of mitral regurgitation varies depending o  the algo- 
rithm used to encode flow velocity information. COnSe- 
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quently, the appearance will vary depending on the 
particular brand of color flow mapper used. Regurgitant je s 
recorded from the Aloka 880 color flow mapper as described 
by Miyatake t al. (11) appeared as bluish signals or a mosaic 
of blue and red signal. More recently, color flow mappers 
that encode turbulence byintroducing green into the display 
have been introduced. previous investigators (12.13) have 
measured the central core of mosaic signals or greenish 
signals, or both, along with any bluish surrounding compo- 
nents. The surrounding blue signals were thought to repre- 
sent blood that had decelerated or been pushed or entrained 
by the entering regurgitant je . In the current study, utilizing 
both Hewlett-Packard and InterspeclVingmed color flow 
mappers, it was not uncommon to visualize a large red jet in 
the left atrium of patients with severe mitral egurgitation. 
These signals represent low velocity blood flowing toward 
the left ventricle. This Doppler color flow mapping appear- 
ancc is probably the same phenomenon described by Hab- 
bab and Haft (14) using pulsed Doppler ultrasound. When a 
pulsed Doppler sample volume is placed in these red jets, 
low velocity turbulent flow directed toward the transducer is 
detected as described in the four patients with a flail mitral 
valve in their study (14). In the current study, when the area 
of these red signals was incorporated into the regurgitant je
area measurement, the maximal jet areas and ratios were 
more consistent witt_ criteria suggesting severe mitral regur- 
gitation than were jet areas only incorporating blue, green 
and mosaic signals. It is possible that hese j ts, as suggested 
by Habbab and Ha8 (14), are due to “swirling of the large 
mass of blood regurgitating rapidly into the left atrium and 
richocheting off the walls of the left atrium.” When a 
severely eccentric regurgitant jet is present, his type of 
phenomenon is more likely and may aid in the color flow 
recognition of severe mitral regurgitation. Although the 
inclusion of these velocities results in a greater ability to 
detect the severe mitral regurgitation associated with a flail 
mitral lea8et, one must be careful not to confuse this type of 
flow with normal pulmonary venous inflow. Normal pulmo- 
nary venous inflow is usually only detected within 1 cm of 
the pulmonary vein orifice and has prominent anterograde 
systolic and diastolic components. In the presence ofsevere 
mitral regurgitation, the systolic component is absent or 
reversed (17). 
In vitro studies (18) have clearly demonstrated hat color 
flow jet areas are dependent on multiple factors related to 
hemodynamics and transducer characteristics. Because 
Doppler color flow imaging measures only the area of 
disturbed orhigh velocity blood flow, it is not surprising that 
a poor ability to determine severe mitral regurgitation was 
noted in our study. However, we were unable to identify 
hemodynamic fa tors that might influence j t area inde?:n- 
dent of the severity of mitral regurgitation. These results are 
sir&r to the findings of Spain et al. (13), who were unable 
to find any significant correlations between either jet arca or 
jet area/left atria1 area ratio and pulmonary capillary wedge 
pressure or left ventricular end-diastolic pressure. 
et. We found significant 
differences in the in a flail anterior versus 
flail posterior mitral leaflet. Besides the obvious differences 
in jet direction, there was less tendency to underestimate 
mitral regurgitation severity when the flail leaflet was ante- 
rior rather than posterior. This disparity may be xplained 
by the relation f the jet direction to cardiac structure. With 
a posterior flail leaflet, the jet is directed irectly into the 
posterior wall of the aorta. This accounts for the auscuita- 
tory finding of radiation ofthe murmur into the aortic area. 
Because the aorta actually protrudes into the left atriu 
increased dissipation of the momentum of the mitral regur- 
gitant jet may occur as it strikes the aorta nd the jet can only 
entrain blood on one side. In contrast, with an anterior flail 
leaflet, he jet is directed toward the posterior wall of the left 
atrium where it may propagate freely toward the back of the 
left atrium. Both theoretic and experimental support exists 
for this concept. Fluid dynamic theory supports he concept 
that a free jet will appear larger by Doppler flow mapping 
than will ajet impinging on a wall at a similar flow rate. In 
addition, preliminary in vivo work by Cape et al. (19) 
demonstrated that a wall jet was significantly smaller than a 
free jet for the same level of regurgitant flow. The differences 
may also reflect a tendency toward more severe chordal 
disruption wi!h an anterior versus posterior flail leaflet and 
therefore a greater degree of mitral regurgitation. 
Harlamert et al. (20) reported that patients with acute 
mitral regurgitation have a smaller egurgitant je  area by 
Doppler color flow imaging than do patients with chronic 
mitral valve regurgitation a d equivalent grades of angio- 
graphic regurgitation. We found a trend toward this same 
finding. However, because of the small number of patients 
with acute mitral regurgitation, this did not reach statistical 
significance. 
Continuous wave pler recording. Differences in the 
continuous wave Doppler ecordings of mitral regurgitant 
envelopes have been used to gain insight into cardiac hemo- 
dynamics. A type B pattern has been described inpatients 
with acute severe mitral egurgitation with a large left atria1 
V wave resulting in a rapid late systolic decay in velocities, 
However, this pattern was no more common in our study in 
patients with acute than in those with chronic mitral regur- 
gitation. The type C pattern isconsistent with interrogation 
of a jet perpendicular to the ultrasound beam, which is 
common with flail mitral eaflets. Recording of a positive 
mitral regurgitant envelope from the right parastemal win- 
dow is not uncommon with a posterior flail leaflet. This can 
be easily confused with an eccentric aortic stenosis jet if 
careful attention t  timing characteristics of the jet is not 
maintained. 
Combined ppler modalities. In this study, although 
Doppler color flow imaging underestimated heseverity of 
JACC Vol. I6. No. I 
July l!?%J:232-9 
if cmvew- 
helpful in reliably assessing the degree of mitral regurgitation 
in these situations. 
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